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SPECIFICATION 

TITLE OF THE INVENTION 
PNEUMATIC TIRE 

TECHNICAL FIELD 

The present invention relates to a pneumatic tire and, 
more particularly, to a pneumatic tire which is provided with 
a plurality of substantially quadrilateral land portions 
arranged on a tread and defined by two sets of main grooves 
of different angles with respect to a tire equatorial plane. 

BACKGROUND ART 

In the prior art, there is a pneumatic tire which is 
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f«l provided with a plurality of substantially quadrilateral land 



portions arranged on a tread and defined by two sets of main 
grooves of different angles with respect to a tire equatorial 
plane . 

In this pneumatic tire, it is conceivable to form 
auxiliary grooves such as sipes in the land portions so as to 
improve the wet performance. 

The auxiliary grooves such as the sipes are formed in 
the land portions, so that the edge factors are increased to 
improve the wet performance, but the rigidity of the land 
portions may be degraded and the deterioration of the dry 
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performance may be caused. 

In Fig. 13A, for example, a pair of main grooves 100 
extending in the circumferential directions (i.e., in the 
directions as indicated by arrows A and B) and a pair of main 
grooves 102 intersecting the main grooves 100 define land 
portions 104 having generally parallelogram shapes. When the 
land portions 104 are halved in the tire circumferential 
directions by forming auxiliary grooves 106 in parallel with 
the main grooves 102, there arises a problem that the rigidity 
of the land portions 104 in the tire circumferential directions 
decreases . 

On the other hand, when the auxiliary grooves 106 are 
formed in the generally parallelogram land portions 104 along 
the longer diagonal lines, as shown in Fig. 13B, there are 
formed two small land portions each of which has a substantially 
slender triangular shape. This formation raises a problem 
that the rigidity of the land portions 104 in the directions 
(i.e., in the directions of arrow C) perpendicular to the 
longitudinal direction of the auxiliary grooves 106 seriously 
decreases . 

Considering the aforementioned facts, the invention has 
an object to provide a pneumatic tire which can improve the 
wet performance while keeping the rigidity of the land 
portions . 
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MEANS FOR SOLVING THE PROBLEMS 



^^J^^t^ / \ According to the invention as set forth in Claim 1, there 
is prbvided a pneumatic tire, in which a plurality of 
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substajntially quadrilateral land portions are arranged on a 
tread and defined by two sets of main grooves having different 
angles With respect to a tire equatorial plane and in which 
auxiliary grooves are arranged in said land portions, 
characteWized : in that said land portions have diagonal lines 
of diffenent lengths; and in that said auxiliary grooves are 
arranged at the central portions of said land portions and 
substantially along the shorter diagonal lines. 

^According to the invention as set forth in Claim 2, a 
pneumatic tire as set forth in Claim 1 is characterized in that 
said auifiliary grooves are not opened in said main grooves. 

Lon as set forth in Claim 3, a 
pneumadic tire as set forth in Claim 2 is characterized in that 
said auxiliary groove have a length of no less than 30 % but 
less than 70 % of the length of said shorter diagonal lines. 

according to the invention as set forth in Claim 4, a 
pneumatLlc tire as set forth in any of Claims 1 to 3 is 
characterized in that the angle formed between said shorter 
diagonal \lines and said auxiliary grooves is within ± 20 
degrees . 

according to the invention as set forth in Claim 5, a 
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pneumadic tire as set forth in any of Claims 1 to 4 is 



rli 



•SOT 



^j^j^^Vy \According to the inventi< 




characterized in that said auxiliary grooves are arranged 
substantially on said shorter diagonal lines. 
|s^^|i2^ 1 According to the invention as set forth in Claim 6, a 
pneumatic tire as set forth in any of Claims 1 to 5 is 
characterized in that said auxiliary grooves have a depth of 
no less\ than 30 % of the depth of said main grooves. 

.on as set forth in Claim 7 , a 
pneuma\tic tire as set forth in any of Claims 1 to 6 is 
characterized in that end portion grooves opened in said main 
grooves\ are connected to the end portions of said auxiliary 
grooves 

lAccording to the invention as set forth in Claim 8, a 
pneiimatic tire as set forth in Claim 7 is characterized in that 
said ena portion grooves are opened in said main grooves which 
are the closest to the end portions of said auxiliary grooves. 
^^-jJ^^^ Recording to the invention as set forth in Claim 9, a 
pneumanic tire as set forth in Claim 8 is characterized in that 
the angle formed between said end portion grooves and said 
auxiliary grooves is obtuse. 
^jj,,^^|^Vccording to the invention as set forth in Claim 10, a 
pneumamc tire as set forth in any of Claims 7 to 9 is 
characterized in that the angle formed between said end portion 
grooves and the neighborhood main grooves, in which said end 
portion gi^ooves are not opened, is no more than 3 0 degrees. 
^^^^^^ ^\c cording to the invention as set forth in Claim 11, a 




pneumatic tire as set forth in any of Claims 7 to 10 is 
characterized: in that said end portion grooves are formed on 
theltwo end portions of said auxiliary grooves; and in that 
one \auxiliary groove is opened in one of the main grooves 
opposed to each other whereas the other auxiliary groove is 
openep in the other of the main grooves opposed to each other. 

According to the invention as set forth in Claim 12, a 
pneumktic tire as set forth in any of Claims 7 to 11 is 
characterized in that said end portion grooves are as deep as 
or shal\Lower than said auxiliary grooves, 




^^1^^^ \ According to the invention as set forth in Claim 13, a 
pneumatic tire as set forth in Claim 12 is characterized in 



that tHe depth of said end portion grooves is no less than 10 % 
and no more than 30 % of the depth of said main grooves. 
£^\/^v\^ ^According to the invention as set forth in Claim 14, a 



pneumatiic tire as set forth in any of Claims 1 to 13 is 
characterized in that the shortest distance between the end 
portionsvof said auxiliary grooves and said main grooves which 
are the closest to said end portions is no less than 15 % 
of the length of said shorter diagonal lines. 
^N^^^According to the invention as set forth in Claim 15 , there 
is provided a pneumatic tire, in which a plurality of 
substantially quadrilateral land portions are arranged on a 
tread and defined by two sets of main grooves having different 
angles wilth respect to a tire equatorial plane and in which 
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luxiliary grooves are arranged in said land portions, 
cnarac terized : in that said land portion has an auxiliary 
gnoove extending throughout from one side to another side; and 
inl that said auxiliary groove includes: a central auxiliary 
groove portion inclined in the same direction as that of the 
shorter diagonal line of the land portion and arranged at the 
cenltral portion of said land portion; end portion auxiliary 
groove portions extending in directions different from that 
of said central auxiliary groove portion and opened in the 
closest main grooves; and connection portions for smoothly 
jointing said central auxiliary groove portion and said end 
portio^ auxiliary groove portions 
^jN^^NC?/^ According to the invention as set forth in Claim 16, a 
pneumatic tire as set forth in Claim 15 is characterized in 
that said connection portions are formed into arcuate shapes 
having k radius of curvature of no less than 3 mm and no more 
than 10 \mm. 
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Ij^^^ccording to the invention as set forth in Claim 17, a 
pneumatiic tire as set forth in Claim 15 or 16 is characterized 
in that^aid central auxiliary groove portion has a length of 
less tha\i 70 % of the length of said shorter diagonal line. 
^Xl^V^'^ V^ccbrding to the invention as set forth in Claim 18, a 
pneumatic tire as set forth in any of Claims 15 to 17 is 
characterized in that the angle formed between said shorter 
diagonal; line and said central auxiliary groove portion is 
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Within ± 20 degrees. 

According to the invention as set forth in Claim 19, a 
neilmatic tire as set forth in any of Claims 15 to 18 is 
characterized in that said central auxiliary groove portion 
is arranged substantially on said shorter diagonal line. 

^\ According to the invention as set forth in Claim 20, a 
pneumatic tire as set forth in any of Claims 15 to 20 is 
charaa terized in that said central auxiliary groove portion 
has a depth of no less than 30 % of the depth of said main grooves . 

S according to the invention as set forth in Claim 21, a 
pneufnatic tire as set forth in any of Claims 15 to 20 is 
charactierized in that the angle formed between said end portion 
auxiliary groove portions and the neighborhood main grooves, 
in whicni said end portion auxiliary groove portions are not 
opened, is no more than 30 degrees, 
cording to the invention as set forth in Claim 22, a 
c tire as set forth in any of Claims 15 to 21 is 
rized in that said end portion auxiliary groove 
are as deep as or shallower than said central auxiliary 
ortion . 

According to the invention as set forth in Claim 23, a 
pneumatic tire as set forth in Claim 22 is characterized in 
that tie depth of said end portion auxiliary groove portions 
is no less than 10 % and no more than 30 % of the depth of said 




main grooves . 




ccording to the invention as set forth in Claim 24, a 
pneumatic tire as set forth in any of Claims 15 to 23 is 
characterized in that said auxiliary groove includes chamfered 
portions formed at the two corner portions of the opened 
portionls of said auxiliary groove in the tread, when viewed 
in a section normal to the longitudinal direction at each point 
of the l\ongi tudinal direction. 

r\ /i^^ccording to the invention as set forth in Claim 25, a 
pneumatiic tire as set forth in Claim 24 is characterized in 
that said chamfered portions have a gently bulging sectional 
shape iri said section normal to the longitudinal direction of 
said auxiliary groove. 

ccording to the invention as set forth in Claim 26, a 
pneurriatac tire as set forth in Claim 24 or 25 is characterized 
in that the maximum of the depth H of said chamfered portions 
is no leAs than 5 % and no more than 50 % of the groove depth 
D of said\ auxiliary groove, 
/^vj^^^^ J^ccording to the invention as set forth in Claim 27, a 
pneumatiic tire as set forth in any Claims 24 to 26 is 
characterized in that the maximum of the length L of said 
chamfereQ portions, as measured in parallel with the tread, 
in said section normal to the longitudinal direction of said 
auxiliary \groove is no less than 5 % and no more than 50 % of 
the maximum width W, as taken in the tire axial direction, of 
the land poVtion having said auxiliary groove. 
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According to the invention as set forth in Claim 28, a 



pneumitic tire as set forth in any Claims 24 to 27 is 
charaaterized in that the depth H of said chamfered portions 
at each point in the longitudinal direction of said auxiliary- 
groove \is changed gently so that the change in the ground 
contact \pressure which occurs inside the land portion under 
a lateral force may be small. 

I According to the invention as set forth in Claim 29, a 

C3 pneumatic tire as set forth in Claim 28 is characterized in 

^1 1 

that tne depth H of said chamfered portions takes its maximum 
C3 \ 

'^L; at the\land portion ends of said auxiliary groove and at the 
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central\ portion of the land portion 




EFFECTS OF THE INVENTION 

^^^ere will be described the effects of the pneumatic tire 
as set \f orth in Claim 1, 

The substantially quadrilateral land portions having 
the diagonal lines of the different lengths and defined by the 
two sets of main grooves of the different angles with respect 
to the tire equatorial plane can be exemplified by 
parallelogram land portions or the rhombic land portions. 

By arranging the auxiliary grooves in the substantially 
quadrilateral land portions, the edge factors can be increased 
to improve the wet performance. 

On the other hand, the auxiliary grooves are arranged 
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substantially along the shorter diagonal lines of the land 
portions. Therefore, the parallelogram land portions or the 
rhombic land portions, for example, are divided into the two 
triangles approximating the equilateral triangles so that the 
decrease in the rigidity, as caused by providing the auxiliary 
grooves, of the land portions can be suppressed to the minimum. 

lerefore, the deformation of the land portions at the 
ground -\contac ting time is suppressed to maintain the excellent 
dry perfiormance. 

Therefore, the pneumatic tire as set forth in Claim 1 
can improve the wet performance while maintaining the 
excellent dry performance. 

will be described the effects of the pneumatic tire 
as set i[orth in Claim 2. 

.A^-d^yVn the pneumatic tire as set forth in Claim 2, the 
auxiliary grooves are not opened in the main grooves so that 
the decrease in the rigidity of the land portions can be 
suppressed as compared with the land portions having the 
auxiliar^A grooves opened in the main grooves, to maintain the 
high dry performance 
^V^^Ayi^ere will be described the effects of the pneumatic tire 
as set Aorth in Claim 3 
^NS'^^Vj^ the pneumatic tire as set forth in Claim 3, when the 
auxiliaVy grooves not opened in the main grooves are formed 
in the land portions, the length of the auxiliary grooves is 
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stet to no less than 30 % but less than 70 % of the length of 
the shorter diagonal lines so that the decrease in the rigidity 
of \the land portions can be suppressed while maintaining 
excellent water absorption, to make the wet performance and 
the opy performance compatible. 
^^^^^^ \ Here, if the length of the auxiliary grooves is less than 
30 % of the length of the shorter diagonal lines, the wet 
perf orinance cannot be obtained, although the auxiliary grooves 
are formed. 

If the length of the auxiliary grooves exceeds 70 % of 
the length of the shorter diagonal lines, on the other hand, 
the rigidity of the land portions deteriorates, to lower the 
£3 dry performance. 

v a 

p Here will be described the effects of the pneumatic tire 

ru 

H as set forth in Claim 4 . 

ftps- 

3 „ 

/iXf>^/o\ The pneumatic tire as set forth in Claim 4 has an 
excellient effect that the decrease m the rigidity, as caused 
by providing the auxiliary grooves in the land portions, of 
the land portions can be suppressed to maintain the dry 
performance reliably . 

If the angle formed between the shorter diagonal lines 
and the auxiliary grooves is beyond the range within ± 2 0 
degrees, the rigidity of the land portions decreases, to lower 
the dry performance. 

In order to suppress the decrease in the rigidity of the 
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land portions, the angle formed between the shorter diagonal 
lines and the auxiliary grooves is preferably set in the range 
within ± 10 degrees and is more preferably set in the range 
within ± 5 degrees. 

5^^V T""^ ''^^^ ^® described the effects of the pneumatic tire 
as set forth in Claim 5. 

By arranging the auxiliary grooves substantially on the 
shorter diagonal lines, the land portions can be divided into 
the two triangles of substantially equal sizes so that the 
decrease in the rigidity of the land portions can be most 
effectively suppressed as compared with the case in which the 
auxiliary grooves are arranged at a given angle with respect 
to the shorter diagonal lines. 
?3 ^ result, there is obtained an excellent effect that 

ru 

C3 the dry performance can be maintained more reliablv 

t^^lX^""^ ^^^^ ^® described the effects of the pneumatic tire 
as set Vorth in Claim 6. 

The depth of the auxiliary grooves is no less than 30 % 
of the depth of the main grooves so that the water absorption 
can be maintained until the intermediate stage of wear. 
Z^V^lAP^Lre will be described the effects of the pneumatic tire 
as set Cprth in Claim 7. 

When the auxiliary grooves (including the so-called 
"sipes") formed in the land portions are closed at two sides 
(that is, when the auxiliary grooves are not connected to any 
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main groove) , the water confined between the land portion 
ground contacting surfaces and the road surface instantly 
flows, as the land portions tread in the water pool of the wet 
road surface, from the ground contacting surfaces into the 
auxiliary grooves . 

In the case in which the auxiliary grooves are closed 
on their two sides, when the auxiliary grooves are filled up 
with the water, the draining effect by the auxiliary grooves 
cannot be expected any more, because the water is no longer 
C3 absorbed by the auxiliary grooves. 

m 

«F However, when the end portion grooves opened in the main 

«H grooves are connected to the end portions of the auxiliary 

C3 grooves, the water sucked into the auxiliary grooves can be 

discharged through the end portion grooves into the main 

fU 

p grooves so that the water between the ground contacting 

surfaces of the land portions and the road surface can be easily 
discharged, to improve the wet performance. 

It is preferred from the standpoint of the better 
drainage into the main grooves that the end portion grooves 
are wider than the auxiliary grooves. 

iS a result, the pneumatic tire as set forth in Claim 
7 has an excellent effect that the water between the ground 
contacting surfaces of the land portions and the road surface 
can be eisily discharged to improve the wet performance as 
compared wdth the case of providing only the auxiliary grooves . 
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Here will be described the effects of the pneumatic tire 

forth in Claim 8 . 
Ih the pneumatic tire as set forth in Claim 8, the end 
poftilon grooves are opened in the main grooves which are the 
closest to the end portions of the auxiliary grooves, so that 
the lebigth of the end portion grooves can be reduced, to 
dischame the water in the auxiliary grooves efficiently to 
the main grooves. 

As a result, the pneumatic tire as set forth in Claim 
8 has kn excellent effect that it can further improve the wet 
perf ordnance . 

ere will be described the effects of the pneumatic tire 




as set forth in Claim 9 . 

In the pneumatic tire as set forth in Claim 9, by forming 
an obVtuse angle between the end portion grooves and the 
auxiliWry grooves, the flow resistance can be suppressed to 
drain the water in the auxiliary grooves efficiently into the 
main grc\oves. 

^^j^^^i^^Vs a result, the pneumatic tire as set forth in Clai 
9 has aVi excellent effect that it can further improve the wet 
performance . 



m 



ere will be described the effects of the pneumatic tire 



as set^forth in Claim 10. 



S>lvl^/i\ pneumatic tire as set forth in Claim 10, the angle 

formed between the end portion grooves and the neighborhood 



rrtain grooves, in which the end portion grooves are not opened, 
ia set within 30 degrees so that the decrease in the rigidity 
of \ the end portion grooves in the vicinity where the end 
portion grooves are opened to the main grooves can be suppressed, 
to suppress any peel, after the run, in the vicinity where the 
end portions are opened to the main grooves. 

Here will be described the effects of the pneumatic tire 
as set forth in Claim 11. 

.V 
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n the pneumatic tire as set forth in Claim 11, one 
auxiliary groove is opened in one of the main grooves opposed 
to eacmother, and the other auxiliary groove is opened in the 
other of the main grooves opposed to each other. Therefore, 
the water sucked into the auxiliary groove can be efficiently 
discharged through the end portion grooves to both of the main 
grooves ao that the water between the ground contacting 
surfaces ok the land portions and the road surface can be more 
easily discharged to improve the wet performance better. 

Here will be described the effects of the pneumatic tire 
as set\ forth in Claim 12. 




"^^Tn the pneumatic tire as set forth in Claim 12, the end 
pbrtic)p grooves are formed as deep as or shallower than the 
auxiliary grooves, thereby to suppress the local decrease in 
rigiditM of the outer peripheral portions of the land portions . 
More prenerably, by making the end portion grooves shallower 
than the \ auxiliary grooves, the rigidity of the outer 
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peripheral edges of the land portions can be maintained as a 
whole, to achieve a rigidity which sufficiently resists the 
benping deformation of the land portions. 

ill be described the effects of the pneumatic tire 
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as set ttorth in Claim 13 . 

In the invention as set forth in Claim 13, the depth of 




the enp portion grooves is set to no less than 10 % and no more 
than 3Q % of the depth of the main grooves so that the drainage 
at the\ initial stage of wear and the rigidity of the land 
portionB are made compatible. If the depth of the end portion 
grooves \±s less than 10 % of the depth of the main grooves, 
there canmot be obtained the drainage by the end portion grooves 
at the inAtial stage of wear. When the end portion grooves 
disappear ciue to wear, the tread surface is so roughened as 
to form irregularities therein, so that the sufficient 
draining effect is obtained by the recesses formed in the tread 
or the ground \contac ting face. 

If the depth of the end portion grooves exceeds 30 %, 
on the other hand, the rigidity of the land portions decreases 
so that the land portions are easily bent and deformed, to lower 
the dry performance. 

lerally in the pneumatic tire as set forth in Claim 
12, the\ end portion grooves have a depth of no less than 1 mm 



and no more than 4 mm. 

As the depth of the end portion grooves is set to no less 
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than 1 mm and no more than 4 mm, it is possible to make the 
drainage at the initial stage of wear compatible with the 
rigidity of the land portions. 

Here, the sufficient draining action of the end portion 
grooves at the initial stage of wear cannot be obtained when 
the depth of the end portion grooves is less than 1 mm. When 
the end portion grooves disappear due to wear, the tread surface 
is so roughened as to form the irregularities therein, so that 

%u the sufficient draining effect is obtained by the recesses 

CO. 

C3 formed in the ground contacting surfaces of the land portions. 

cri 

If the depth of the end portion grooves exceeds 4 mm, 
on the other hand, the rigidity of the land portions decreases 
-J and becomes susceptible to bending deformation, to deteriorate 

the dry performance. 

u 

H ^W^Q^oV®^® will be described the effects of the pneumatic tire 



as set vEorth in Claim 14 . 

When the auxiliary grooves are not opened in the main 
grooves, the rigidity of the land portions can be maintained 
by setting the shortest distance between the end portions of 
the auxiliary grooves and the main grooves which are the closest 
to the end portions to 15 % or more of the length of the shorter 
diagonal lines. 

If the shortest distance between the end portions of the 
auxiliary grooves and the main grooves the closest to the end 
portions is less than 15 % of the length of the shorter diagonal 
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lines, the end portions of the auxiliary grooves are so much 
close to the main grooves that the rigidity of the land portions 
decreases. 

ere will be described the effects of the pneumatic tire 
as set \f orth in Claim 15. 

The substantially quadrilateral land portions, as 
defined by the two sets of main grooves of the different angles 
with respect to the tire equatorial plane, can be exemplified 
by the parallelogram land portions or the rhombic land 
portions . 

Since the auxiliary grooves opened in the main grooves 
are arranged in the substantially quadrilateral land portions 
as described above, there is an increase in the edge factors 
for cutting the water film existing between the road surface 
and the ground contacting surfaces of the land portions. 
Moreover, the auxiliary grooves absorb the water existing 
between the road surface and the ground contacting surfaces 
of the land portions and drain the absorbed water to the main 
grooves, so that the wet performance is improved. 

The end portion auxiliary groove portions, connected to 
the central auxiliary groove portion arranged at the centers 
of the land portions, are opened in the closest main grooves 
so that the water existing between the central portions of the 
land portions and the road surface is discharged by the shortest 
distance to the main grooves. Moreover, the central auxiliary 
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groove portion and the end portion auxiliary groove portions 
are smoothly jointed by the connection portions, so that the 
water absorbed by the central auxiliary groove portion is 
smoothly discharged through the connection portions to the 
main grooves . 

In addition, as the central auxiliary groove portion and 
the end portion auxiliary groove portions are smoothly jointed 
by the connection portions, the stress concentration at these 
linking portions between the central auxiliary groove portion 
and the end portion auxiliary groove portions can be suppressed 
to improve the crack-resistance properties. 

Moreover, as the central auxiliary groove portion and 
the end portion auxiliary groove portions are smoothly jointed 
by the connection portions, the uneven distribution of the 
stress, as might otherwise be caused at the connection portions 
between the central auxiliary groove portion and the end 
portion auxiliary groove portions, can be suppressed, thereby 
preventing occurrence of the heel-and-toe wear. 



\py\^ in the pneumatic tire as set forth in Claim 15, moreover, 
the cenAer auxiliary groove portion is arranged at the central 
portion pf the land portions with an inclination in the same 
direction as that of the shorter diagonal lines, so that the 
land portions are divided into the two triangles approximating 
the equilateral triangles thereby to prevent the land portions 
from becoming weak in a specific direction. 
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XiPyAere will be described the effects of the pneumatic tire 



Therefore, the pneumatic tire as set forth in Claim 15 
has an excellent effect that it can improve the wet performance 
while maintaining the dry performance, 

as set torth in Claim 16. 

When the radius of curvature of the connection portions 
falls short of 3 mm, the stress concentration in the vicinity 
of the connection portions cannot be prevented, thereby 
increasing the possibility of forming the cracks . In addition, 
the stress becomes uneven in the vicinity of the connection 
portions to facilitate the heel-and-toe wear. At the 
connection portions, moreover, the flow resistance is 
Cj increased to lower the drainage. 

t a 

Q When the radius of curvature of the connection portions 

ly 

£3 exceeds 10 mm, the center auxiliary groove portion is reduced 

so much that it cannot exhibit its unique effect (i.e., the 
effect to divide the land portions into the two triangles 
approximating the equilateral triangles so as to prevent the 
land portions from being weakened in a pacific direction) . 

Therefore, the connection portions preferably have the 
arcuate shape having the radius of curvature (as measured on 
the groove center line) of no less than 3 mm and no more than 
10 mm . 

jVr^VoV^l Vs a result, the pneumatic tire as set forth in Claim 
16 has \excellent effects to suppress the occurrence of the 
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cricks and the heel-and-toe wear, to prevent the land portions 
frdm being weakened in a specific direction, and to drain the 
absorbed water smoothly into the main grooves. 
XV V/i Were will be described the effects of the pneumatic tire 
as setxforth in Claim 17. 



the pneumatic tire as set forth in Claim 17, the length 
of the tenter auxiliary groove portion is less than 70% of the 
length &f the shorter diagonal lines so that the decrease in 
the rigidity of the land portions can be suppressed, to maintain 
the exce]\lent dry performance. 

^^^j^^i()frheref ore, the pneumatic tire as set forth in Claim 17 
has an^ Excellent effect to make the dry performance compatible 
with ana\ the wet performance. 

?±11 be described the effects of the pneumatic tire 



as set \f orth in Claim 18. 

When the angle formed between the shorter diagonal line 
and the center auxiliary groove portion is beyond the range 
within ± 2 0 degrees , the rigidity of the land portions decreases , 
to deteriorate the dry performance. 

In order to suppress the decrease in the rigidity of the 
land portions, the angle formed between the shorter diagonal 
lines and the center auxiliary groove portion is preferably 
set within ± 10 degrees and more preferably within ± 5 degrees. 

?herefore, the pneumatic tire as set forth in Claim 18 
has ' an\ excellent effect to maintain the dry performance 



reliably while suppressing the decrease in the rigidity of the 
land portions, which is caused by providing the auxiliary 
grooves in the land portions. 
^!2(^^ \Here will be described the effects of the pneumatic tire 
as sen forth in Claim 19. 

By arranging the center auxiliary groove potion 
substantially on the shorter diagonal lines, the land portions 
can be divided into the two triangles of substantially equal 
sizes so that the reduction of the rigidity of the land portions 
can be most efficiently suppressed, as compared with the case 
in which the center auxiliary groove portion is arranged at 
an angle with respect to the shorter diagonal lines. 

Therefore, the pneumatic tire as set forth in Claim 19 
has anXexcellent effect to maintain the dry performance more 
reliably;. 

^^Q^^^^kere will be described the effects of the pneumatic tire 
as set Torth in Claim 20. 

The depth of the center auxiliary groove portion is no 
less than 30% of the depth of the main grooves so that the 
excellent drainage can be maintained. 

j^Cy "^eref ore , the pneumatic tire as set forth in Claim 20 
has an excellent effect to maintain the water absorption until 
the intermediate stage of wear. 

C^^^Vj Were will be described the effects of the pneumatic tire 
as setVforth in Claim 21. 
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n the pneumatic tire as set forth in Claim 21, the angle 
between the end portion auxiliary groove portions and 
Lghborhood main grooves, in which the end portion 



auxiliajry groove portions are not opened, is set within 30 
degreesl so that the decrease in the rigidity in the vicinity 
of the openings of the end portion auxiliary groove portions 
to the main grooves is suppressed, thereby to suppress the peel 
in the vicinity of the openings to the main grooves after the 
run . A 

rill be described the effects of the pneumatic tire 
as se4 forth in Claim 22 . 

In the pneumatic tire as set forth in Claim 22, the end 
portioji auxiliary groove portions are as deep as or shallower 
than th)e center auxiliary groove portion thereby to suppress 
the localized decrease in rigidity of the outer peripheral edge 
portions of the land portions . More preferably, by making the 
end portion auxiliary groove portions shallower than the 
auxiliary grooves, the rigidity of the outer peripheral edge 
portions of the land portions can be kept high as a whole to 
reliably resisV bending deformation. 
^Z^vT^^j IJere will be described the effects of the pneumatic tire 



as se 



as set forth in Claim 23. 

In the invention as set forth in Claim 23, the depth of 
portion auxiliary groove portions is set to no less 
than 10\% but less than 30 % to make the drainage at the initial 
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stiage of wear compatible with and the rigidity of the land 
poittions . 

If the depth of the end portion auxiliary groove portions 
is less than 10 % of the depth of the main grooves, it is 
impossible to obtain the sufficient draining action by the end 
portion auxiliary groove portions at the initial stage of wear. 

If the depth of the end portion auxiliary groove portions 
exceeds 30 % of the depth of the main grooves, on the other 

£3 

ip hand, the rigidity of the land portions decrease so much as 

CO 

12 to facilitate the bending deformation, thereby to deteriorate 

in 

«P the dry performance. 

«P 3^^^^^ \^ pneumatic tire as set forth in Claim 22, generally, 

the groove depth of the end portion auxiliary groove portions 



C3 is no less than 1 mm and no more than 4 mm. 

ry \ 

£3 As the depth of the end portion auxiliary groove portions 

is set to no less than 1 mm and no more than 4 mm, the drainage 
at the initial stage of wear and the rigidity of the land 
portions are made compatible. 

If the depth of the end portion auxiliary groove portions 
is less than 1 mm, it is impossible to obtain a sufficient 
draining action by the end portion auxiliary groove portions 
at the initial stage of wear. 

If the depth of the end portion auxiliary groove portions 
exceeds 4 mm, on the other hand, the rigidity of the land 
portions decreases so much as to facilitate the bending 



24 



deformation, thereby to deteriorate the dry performance. 

lere will be described the effects of the pneumatic tire 




3Wi 

as set\ forth in Claim 24 

The auxiliary groove includes chamfered portions formed, 
at the two corner portions of the opening portions of said 
auxiliary groove at the tread, overall the longitudinal length 
of the auxiliary groove at each point of the longitudinal 
direction, so that the contact pressure of the edge portions 
of the auxiliary grooves at the ground contacting time can be 
lowered. For the applications where the high lateral and 
longitudinal forces frequently applied, the effect to reduce 
the contact pressure as described above is exhibited quite 
significantly, to improve the resistance against partial wear, 
the wear performance and the running performance. 

[ere will be described the effects of the pneumatic tire 
as s^t Yorth in Claim 25. 

By forming the sectional shape of the chamfered portions 
into a gently bulging shape or a corner - rounded shape, it is 
possible to suppress the change in an abrupt ground contact 
pressure . 

P-^Here will be described the effects of the pneumatic tire 



as set \forth in Claim 26 



When the maximum of the depth H of the chamfered portions 
of the auxiliary grooves is less than 5 % of the groove depth 
of the auxiliary grooves, there is a decrease in the effect 



to reduce the change in the contact pressure under the action 
of the lateral and longitudinal forces. 

When the maximum of the depth H of the chamfered portions 
of the auxiliary grooves is larger than 50 % of the groove depth 
D of the auxiliary grooves, the ground contact area is reduced 
too much- 

Therefore, it is preferred that the maximum of the depth 
H of the chamfered portions is set to no less than 5 % and no 
more than 50 % of the groove depth D of the auxiliary grooves. 

ITherefore, the pneumatic tire as set forth in Claim 26 
has an ^excellent effect that the contact pressure of the edge 
portions of the auxiliary grooves can be reduced to an optimum 
level . 

ere will be described the effects of the pneumatic tire 
as set \f orth in Claim 27 . 

WHen the maximum of the length L of the chamfered portions , 
as measured in parallel with the contact face, exceeds 50 % 
of the maximum width W in the tire axial direction of the land 
portions having the auxiliary grooves, the ground contact area 
is reduced too much. 

If the maximum of the length L of the chamfered portions, 
as measured in parallel with the contact face, is less than 
5 % of the maximum width W in the tire axial direction of the 
land portions having the auxiliary grooves, there is a decrease 
in the effect to reduce the change in the contact pressure under 
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the action of the lateral and longitudinal forces. 

Therefore, it is preferred that the maximum of the length 
L of the chamfered portions is set to no less than 5 % and no 
more than 50 % of the maximum width W of the land portions in 
the tire axial direction. 

^herefore, the pneumatic tire as set forth in Claim 27 
Tias an excellent effect to reduce the contact pressure of the 
edge portions of the auxiliary grooves to the optimum level. 

^Here will be described the effects of the pneumatic tire 
as set\ forth in Claim 28. 

The distribution of the contact pressure in the land 
portions under the lateral force varies according to the shape 
of the land portions and the routes of the auxiliary grooves, 
but by gently changing the depth of the chamfered portions of 
the auxiliary grooves at the individual points in the 
longitudinal direction, the distribution of the contact 
pressure can be made even to exhibit the effects to improve 
the resistance against partial wear, the wear performance and 
the running performance. 



5M;^#Lre will 



be described the effects of the pneumatic tire 
as set north in Claim 29. 

If the land portions do not have the chamfered portions 
at the land portion ends and the central portions of the 
auxiliary grooves, the contact pressure rises to an especially 
high level. By making the depth H of the chamfered portions 



larger than that of the remaining portions, 
to homogenize the contact pressure. 



there is an effect 



BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a development of the tread of a pneumatic tire 
according to a first embodiment of the invention. 

Fig. 2 is an enlarged diagram of a land portion. 

Fig. 3 is an enlarged diagram of a land portion. 

Fig. 4 is a development of the tread of a pneumatic tire 
according to a second embodiment of the invention. 

Fig. 5 is a development of the tread of a pneumatic tire 
according to a third embodiment of the invention. 

Fig. 6 is an enlarged diagram of a land portion. 

Fig. 7 is a development of the tread of a pneumatic tire 
according to a fourth embodiment of the invention. 

Fig. 8 is an enlarged diagram of a land portion. 

Fig. 9 is a development of the tread of a pneumatic tire 
according to a fifth embodiment of the invention. 

Fig. lOA is a top plan view of the land portion of a 
pneumatic tire according to a sixth embodiment of the invention, 
and Fig. lOB is a sectional diagram of the land portion shown 
in Fig. lOA, taken along line lOB - lOB. 

Fig. 11 is a. development of the tread of a pneumatic tire 
for a front wheel according to Example (of Test Example F) 
Fig. 12 is a development of the tread of a pneumatic tire 
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for a rear wheel according to Example (of Test Example F) , 
Figs. 13A and 13B are top plan views of land portions 
having auxiliary grooves of the prior art. 



BEST MODES FOR CARRYING OUT THE INVENTION 
[First Embodiment] 

A first embodiment of the pneumatic tire of the present 
invention will be described with reference to Figs. 1 to 3 . 

In the tread 12 of a pneumatic tire 10 of this embodiment, 

eo 

D as shown in Fig. 1, there are formed, on the righthand side 

m 

(as indicated by arrow R) of a tire equatorial plane CL, a main 
=P groove 14, a main groove 16 and a main groove 18 which extend 

P in the tire circumferential directions (as indicated by arrow 

^4 

C3 A and by arrow B) . On the lef thand side of the tire equatorial 

fU 

□ plane CL (as indicated by arrow L) , there are formed a plurality 

of main grooves 20 which are inclined at an angle no more than 
30 degrees with respect to the tire circumferential direction. 

An angle 6l of the main grooves 20 of this embodiment 
with respect to the tire circumferential direction (which is 
measured on the acute angle side, and is an angle formed between 
the circumferential direction and the tangential line of the 
groove center line, if curved) is set, so as to be larger on 
the lefthand shoulder side than on the side of the tire 
equatorial plane CL, such that the angle 01 is about 5 degrees 
with respect to the tire circumferential direction at the end 



29 



portion of the main groove 20 on the tire equatorial plane CL 
side and about 28 degrees with respect to the tire 
circumferential direction at the end portion of the main groove 
20 on the shoulder side. 

In the tread 12, in addition, there are formed, on the 
righthand side of the tire equatorial plane CL, a plurality 
of main grooves 22 which intersect the main groove 14, the main 
groove 16 and the main groove 18. On the lefthand side of the 
equatorial plane CL, there are formed a plurality of main 
grooves 24 which intersect the main grooves 20. 
*^ An angle 02 of the main grooves 22 of this embodiment 

with respect to the tire circumferential direction (which is 
I^S measured on the acute angle side, and is an angle formed between 

the circumferential direction and the tangential line of the 
groove center line, if curved) is set so as to be larger on 
the righthand shoulder side than on the tire equatorial plane 
CL side, such that the angle 62 is about 60 degrees with respect 
to the tire circumferential direction at the end portion of 
the main groove 22 on the tire equatorial plane CL side and 
about 78 degrees with respect to the tire circumferential 
direction at the end portion of the main groove 22 on the 
shoulder side. 

Further, an angle 63 of the main grooves 24 of this 
embodi ment with respect to the tire circumferential direction 
(which is measured on the acute angle side, and is an angle 
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formed between the circumferential direction and the 
tangential line of the groove center line, if curved)) is set 
so as to be larger on the lefthand shoulder side than on the 
tire equatorial plane CL side, such that the angle 03 is about 
60 degrees with respect to the tire circumferential direction 
at the end portion of the main groove 24 on the tire equatorial 
plane CL side and about 88 degrees with respect to the tire 
circumferential direction at the end portion of the main groove 
24 on the shoulder side. 

In this embodiment, all of these main groove 14, main 
F groove 16, main groove 18, main grooves 20, main grooves 22 

and main grooves 24 are given an equal depth. 

On the tread 12, there are formed a plurality of 



ro 



quadrilateral land portions 26 by those main groove 14, main 
and main grooves 24 



groove 16, main groove 18, main grooves 20, main grooves 22 



The individual land portions 26 are formed into 
quadrilateral shapes having two diagonal lines of different 
lengths . 

Auxiliary grooves 28 are formed in most of the plurality 
of land portions 26 excepting some land portions. 

Here will be specified the auxiliary grooves 28. These 
land portions 26 represented by the third one counted from the 
righthand- side end will be described in the following 
description with reference to Figs. 2 and 3. Here, the common 



31 



specifications will be adopted for the auxiliary grooves 28 
of the remaining land portions 26. 

As shown in Fig. 2, it is preferred that each auxiliary 
groove 28 is formed in the central portion of the land portion 
26 and substantially along a shorter diagonal line 30S, as 
indicated by a double - dotted line, and that an angle 64 formed 
between the shorter diagonal line 30S and the auxiliary groove 
28 is set within ± 20 degrees. 

In this embodiment, the angle 64 formed between the 

Co 

□ shorter diagonal line 30S and the auxiliary groove 28 is 0 

degrees, that is, the auxiliary groove 28 is formed on the 
shorter diagonal line BOS. 

p; It is preferred that the auxiliary groove 28 has a depth 

of no less than 30 % of the depth of the main groove 14, the 

'^j main groove 16, the main groove 18, the main grooves 20, the 

main grooves 22 and the main grooves 24. 

Moreover, it is preferred that the auxiliary groove 28 
is not opened in any of the main grooves (i.e., the main groove 
14, the main groove 16, the main groove 18, the main grooves 
20, the main grooves 2 2 and the main grooves 24) , and that the 
auxiliary groove 28 is provided along the shorter diagonal line 
30S and set to have a length LI equal to or more than 30 % and 
less than 70 % of the length LO of the shorter diagonal line 
30S, as shown in Fig. 3. 

It is preferred that the shortest distance Lmin between 
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the end portion of the auxiliary groove 28 and the closest main 
groove is set within the range of 15 % or more to less than 
35 % of the length LO of the shorter diagonal line 30S. 

In this embodiment, the main groove 14, the main groove 
16, the main groove 18, the main grooves 20, the main grooves 
22 and the main grooves 24 are set to have a depth of 6 mm, 
and the auxiliary groove 28 is set to have a depth of 4 mm and 
a length LI of 47 % of the length LO of the shorter diagonal 

C3 

line 308. 

Here, the shortest distance Lmin between the end portion 
2 of the auxiliary groove 28 and the closest main groove is set 

to 25 % of the length LO of the shorter diagonal line 30S. 
%"] IS preferred that the auxiliary groove 28 has a width 

C3 

^2 W of 2 mm or less so as to suppress the decrease in the rigidity 

ijl of the land portion 26 (the width W may be substantially zero, 

that is, the auxiliary groove 28 may be the so-called "sipe") . 

Here, the pneumatic tire 10 of this embodiment has a 

directional pattern, as shown in Fig. 1, and a size of 215/45R17 

and is used as the right front wheel so that it turns in the 

direction of arrow B when it runs. 

(Actions) 

(1) The auxiliary groove 28 is formed in the land portion 
26, so that the wet performance is improved by the increased 
edge factor and the water absorption of the auxiliary groove 
28 . 
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(2) The auxiliary groove 28 is arranged on the shorter 
diagonal line 30S of the land portion 26, so that the land 
portion 26 can be divided into two triangles approximating 
equilateral triangles to minimize the decrease in rigidity, 
as caused by forming the auxiliary groove 28, of the land 
portion 2 6 . 

As a result, the deformation of the land portion 26 is 
suppressed to maintain the dry performance. 

^Vo^^Iere, the rigidity of the land portion 26 is decreased 
if the angle 63 formed between the shorter diagonal line BOS 
and the auxiliary groove 28 is beyond the range within 20 
degrees . \ 

(3) Although the ground contact pressure tends to 
concentrate at the central portion of the land portion 26 when 
the land portion 26 contacts the road surface, as the auxiliary 
groove 28 is formed in the central portion of the land portion 
26, the ground contact pressure can be dispersed to the two 
sides of the auxiliary groove 28 to alleviate the concentrated 
ground contact pressure at the central portion of the land 
portion 26 . 

(4) As the auxiliary groove 28 is not opened to any of the 
main groove 14, the main groove 16, the main groove 18, the 
main grooves 20, the main grooves 22 and the main grooves 24, 
the decrease in the rigidity of the land portion 26 can be more 
effectively suppressed as compared with the case in which the 
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auxiliary groove 28 are opened to the main grooves. 

(5) The depth of the auxiliary groove 28 is about 67 % of 
that of the main groove 14, the main groove 16, the main groove 
18 , the main grooves 20 , the main grooves 22 and the main grooves 
24 (the auxiliary groove having the depth of 4 mm and the main 
groove having the depth of 6 mm) , so that the water absorption 
performance can be maintain until the intermediate stage of 
wear . 

(6) The length LI of the auxiliary groove 28 is set so as 
to be 47 % of the length LO of the shorter diagonal line 30S, 
so that the wet performance and the dry performance are made 
compatible . 

(7) The shortest distance Lmin between the end portion of 
the auxiliary groove 28 and the main groove the closest to that 
end portion is set so as to be 25 % of the length LO of the 
shorter diagonal line 30S, so that the rigidity of the land 
portion 26 can be maintained. 

Here, if the shortest distance Lmin between the end 
portion of the auxiliary groove 28 and the closest main groove 
becomes less than 15 % of the length LO of the shorter diagonal 
line 30S, the end portion of the auxiliary groove 28 comes 
excessively closer to the main groove so that the rigidity of 
the land portion 26 is decreased. 
[Second Embodiment] 

A second embodiment of the pneumatic tire of the 



invention will be described with reference to Fig. 4. Here, 
the same constructions as those of the first embodiment are 
designated by the common reference numerals, and their 
description will be omitted. 

As shown in Fig. 4, end portion grooves 32 are connected 
to the two end portions of the auxiliary groove 28, 
respectively . 

The end portion grooves 32 are formed in parallel with 

\B the adjacent main grooves 22 or main grooves 24 and opened 

CO 

at the shortest distances, to the shoulder ends and the main 
grooves whxch are the closest to the end portions of the 

f === 

"r- auxiliary grooves 28 (i.e., the main grooves 14, the main 

grooves 16, the main grooves 18 and the main grooves 20 

-J positioned in the tire width direction in the present 

embodiment) . 

The end portion grooves 32 is set to have a depth smaller 
than that of the auxiliary groove 28. 

The end portion grooves 32 of this embodiment are set 
to have a depth of 2 mm, which is about 33 % of the depth of 
6 mm of the main groove 14, the main groove 16, the main groove 
18, the main grooves 22 and the main grooves 24. 

Here, the pneumatic tire 10 of this embodiment has a 
directional pattern, as shown in Fig. 4, and the size of 
215/45R17. The tire is used as the right front wheel so that 
it turns in the direction of arrow B when it runs. 



36 



(Actions) 

Further, the angle formed between the end portion groove 
32 and the auxiliary groove 28 is made obtuse so that the flow 
resistance experienced in the grooves can be suppressed to 
effectively drain the water in the auxiliary groove 28 to the 
main grooves. 

The end portion grooves 32 are arranged substantially 
in parallel with the neighborhood main grooves to which the 
end portions grooves 32 are not opened, so that the decrease 
in rigidity, caused by forming the end portion grooves 32, of 
the land portion 26 can be most effectively suppressed. The 
end portion grooves 32 are made shallower than the auxiliary 
groove 28, so as to have a depth of about 33 % of the depth 
of the main grooves, so that the rigidity of the outer 
peripheral edge portion of the land portion 26 can be kept in 
its entirety to maintain the rigidity of the land portion 26 
and excellent dry performance. 

Here, if the depth of the end portion grooves 32 is less 
than 10 % of the depth of the main grooves, the drainage at 
the end portion grooves 32 cannot be obtained at the initial 
stage of wear. 

When the end portion grooves 32 disappear due to ware, 
the tread surface has been roughened so as to have 
irregularities thereon, so that the sufficient draining effect 
is obtained by the dented portions formed in the tread surface. 



When the depth of the end portion grooves 32 exceeds 30 % 
of the depth of the main grooves, the land portion 26 is 
deteriorated in its rigidity so that it is susceptible to 
bending and deteriorates the dry performance. 

Here in this embodiment, the two end portion grooves 32 
are both opened to the main grooves of the tire axial direction. 
However, a structure in which at least one of the end portion 
grooves 32 are opened to the main grooves of the tire 
circumferential direction is also acceptable. 

When the land portion 26 is divided into the two small 
land portions by the auxiliary groove 28 and the two end portion 
grooves 32, it is preferred that the end portion grooves 32 
are arranged symmetrically with respect to a point, as in this 
embodiment, to substantially equalize the areas of the two 
small land portions. 
[Third Embodiment] 

A third embodiment of the pneumatic tire of the invention 
will be described with reference to Fig. 5. 

In the tread 12 of the pneumatic tire 10 of this 
embodiment, as shown in Fig. 5, there is formed a main groove 
34 which is extended, on the righthand side of the tire 
equatorial plane CL and in the tire circumferential direction. 
On the righthand side of the main groove 34, there are formed 
a plurality of main grooves 36 which are inclined at an angle 
65 (e.g., about 25 degrees in this embodiment) with respect 
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to the tire circumferential direction. 

In the tread 12, moreover, there are formed a plurality 
of main grooves 34, main grooves 36, and main grooves 42 which 
intersect the main groove 38 arid main grooves 40. 

In the tread 12, there are formed a plurality of 
triangular land portions 44 and quadrilateral land portions 
4 6 by those main groove 3 4 , main grooves 3 6 , and the main grooves 
42 intersecting the main grooves 38 to 40. 

C3 

Each quadrilateral land portion 46 is a quadrilateral 

CO 

£3 having two diagonal lines of different lengths. 

cn 

Auxiliary grooves 48 and end portion grooves 50 are 
formed in most of the plurality of land portions 46 except for 
^ some land portions, as in the auxiliary grooves 28 and the end 

"j! portion grooves 32 of the second embodiment. 

J2 Here, the auxiliary grooves 48 and the end portion 

grooves 50 are specified on their positions and sizes like the 
auxiliary grooves 28 and the end portion grooves 32 of the first 
and second embodiments. 

Therefore, the pneumatic tire 10 of this embodiment can 
attain actions and effects similar to those of the first and 
second embodiments . 

Here, the pneumatic tire 10 of this embodiment shown in 
Fig. 5 has a directional pattern, as in Fig. 4, and the size 
of 215/45R17. The tire is used as the right front wheel so that 
it turns in the direction of arrow B when it runs. 
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(Test Example A) 

There were prepared tires of totally five different kinds 
including tires of one kind having no auxiliary groove formed 
in the land portions and tires of four kinds having auxiliary 
grooves of different directions, and the tires were compared 
on the wet performance and the dry performance. 

These test tires will be described hereinafter. 

All the tires of Test Example 1 to Test Example 5 have 
the tread pattern shown in Fig. 1. 

Tires of Test Example 1: The tires having no auxiliary 
groove formed in the land portion (as should be referred to 
the following Table 2) . 

Tires of Test Example 2: The tires having the auxiliary 
grooves formed in parallel with the main grooves of the tire 
circumferential direction (as should be referred to the 
following Table 2) . 

Tires of Test Example 3: The tires having the auxiliary 
grooves formed on the shorter diagonal lines (i.e., the tires 
of the first embodiment) . 

Tires of Test Example 4: The tires having the auxiliary 
grooves formed on the longer diagonal lines (as should be 
referred to the following Table 2) . 

Tires of Test Example 5: The tires having the auxiliary 
grooves formed in parallel with the main grooves of the tire 
axial direction (as should be referred to the following Table 



2) . 

Here in all these Tires: the main grooves have a depth 
of 6 mm; the auxiliary grooves have a length of 47 % of the 
length of the shorter diagonal lines (wherein the shortest 
distance between the end portion of the auxiliary groove and 
the closest main groove is 21 % of the length of the shorter 
diagonal line) ; and the auxiliary grooves have a depth of 4 
mm . 

Here will be described the testing method. 

Wet Performance: A car having the test tires was driven 
at a test course (having a wet road surface) . The evaluations 
were made in terms of the feelings of the test driver. 

Dry Performance: A car having the test tires was driven 
at a test course (having a dry road surface) . The evaluations 
were made in terms of the feelings of the test driver. 

The evaluations are enumerated in the following Table 
2 . Here, the evaluations were made according to the standards, 
as enumerated in the following Table 1. 



Very Good 
Rather Good 
Good 

Slightly Good 

(Evaluable for Ordinary Driver) 
Very slightly Good 

(Evaluable for Test Driver) 
Standard 

(by Tires with No Auxiliary Groove 
Land Portions) 
Very slightly Bad 

(Evaluable for Test Driver) 
Slightly Bad 

(Evaluable for Ordinary Driver) 
Bad 

Rather Bad 
Very Bad 



Table 2: 
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It has been found from the test results that Tires of 
Test Example 3 according to the invention exhibit a dry 
performance equivalent to that of Tire of Test Example 1 having 
no auxiliary groove and have the best wet performance. 
(Test Example B) 

There were prepared tires of totally five different kinds 
including: tires of one kind having no auxiliary groove and 
no end portion groove formed in the land portions; tires of 
one kind having only auxiliary grooves formed therein; and 
□ tires of three kinds having auxiliary grooves and end portion 

=F grooves of different depths, and the tires were compared on 

the wet performance and the dry performance. 
-3 Here will be described the test tires. 

H All the tires of Test Example 1 to Test Example 5 have 

ly 

the tread pattern shown in Fig. 4. 

Tires of Test Example 1: The tires having no auxiliary 
groove formed in the land portion (as should be referred to 
the following Table 3) . 

Tires of Test Example 2: The tires having the auxiliary 
grooves of a depth of 4 mm formed in parallel with the main 
grooves of the tire circumferential direction (as should be 
referred to the following Table 3) . 

Tires of Test Example 3: The tires having end portion 
grooves of a depth of 4 mm formed on the two end portions of 
auxiliary grooves of a depth of 4 mm (as should be referred 
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to the following Table 3) . 

Tires of Test Example 4: The tires having end portion 
grooves of a depth of 2 mm formed at the two end portions of 
auxiliary grooves of a depth of 4 mm (as should be referred 
to the following Table 3) . 

Tires of Test Example 5: The tires having end portion 
grooves of a depth of 2 mm formed on the two end portions of 
auxiliary grooves of a depth of 2 mm (as should be referred 

iQ to the following Table 3). 

CO 

IJ Here in all these Tires, the main grooves have a depth 

cn 

of 6 mm, and the auxiliary grooves have a length of 47 % of 
=p the length of the shorter diagonal line. 

E3 The testing method and the evaluation standards of the 

wet performance and the dry performance are similar to those 
of Test Example 1. 

The evaluations are enumerated in the following Table 
3, which also includes the result of lap times at the tests. 



12 
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Table 




From the test results, it has been found on the wet 
performance that the wet performance was improved better for 
the tires of Test Examples 3 to 5 having the end portion grooves 
added than for the tires of Test Example 2 having only the 
auxiliary grooves . However, the tires of Test Example 3 having 
the end portion grooves made as deep as the auxiliary grooves 
exhibited deteriorated rigidity in the land portion, to 
significantly decrease the dry performance. 
(Test C) 

There were prepared tires of one kind having no auxiliary 
groove and no end portion groove formed in the land portions, 
and tires of two kinds having auxiliary grooves formed therein 
and having end portion grooves of different positions. These 
tires were compared on the wet performance and the dry 
performance . 

The tires of Test Example 1 to Test Example 3 have the 
tread pattern shown in Fig. 4. 

Tires of Test Example 1: The tires having no auxiliary 
groove formed in the land portion (as should be referred to 
the following Table 4) . 

Tires of Test Example 2 : The tires having the end portion 
grooves formed in parallel with the main grooves positioned 
in the tire circumferential direction (as should be referred 
to the following Table 4) . 

Tires of Test Example 3 : The tires having one of the end 



portion grooves formed in parallel with the main grooves 
positioned in the tire axial direction (as should be referred 
to the following Table 4) . 

Here in all these Tires: the main grooves have a depth 
of 6 mm; the auxiliary grooves have a length of 47 % of the 
length of the shorter diagonal line; and the end portion grooves 
have a depth of 2 mm. 

The testing method and the evaluation standards of the 
wet performance and the dry performance are similar to those 
of Test Example 2 . 

The evaluations are enumerated in the following Table 
4, which also includes the results of lap times at the tests. 
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Table 4: 





Test Example 1 


Test Example 2 


Test Example 3 


Sliape 


0 






WP 
LT 


0 

7 0. 5 


+ 4 
6 8.5 


+ 3 
6 8. 7 


DP 
LT 


0 
6 0 


0 

6 0. 2 


0 

6 0. 3 



C3 

□ 

fU In Table 4, 

rn 

1=^ WP : Wet Performance 

LT : Lap Time (sec.) 
DP: Dry Performance. 
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It has been found from the test results that the wet 
performance is more excellent for the tires having the end 
portion grooves formed in parallel with the main grooves 
adjacent in the tire circumferential direction than for the 
tires having one of the end portion grooves formed in parallel 
with the main grooves adjacent in the tire axial direction, 
and that the dry performance is made compatible with the wet 
performance in the former case. 

C3 

-^3 (Test Example D) 

CO 

f ^ 

'^^ There were prepared tires of five different kinds each 

L! B 

having end portion grooves in different directions, and the 
tires were compared on the durability of the land portions. 

s 

Here will be described the test tires. 

All the tires of Test Example 1 to Test Example 5 have 
the tread pattern shown in Fig. 1, but have the auxiliary 
grooves and the end portion grooves formed in only the 
second- row land portions counted from the right end. 

Tires of Test Example 1: The tires in which the angle 
of the end portion grooves with respect to the main grooves 
adjacent in the tire circumferential direction is -30 degrees 
(as should be referred to the following Table 5) . Here, the 
symbol (minus)" of the angle means that the end portion 

grooves are inclined in such a direction that the openings 
thereof to the main grooves approach the main grooves adjacent 
in the tire circumferential direction. 



ry 
□ 

s a 
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Tires of Test Example 2 : The tires in which the end 
portion grooves have an angle (as described above) of -15 
degrees (as should be referred to the following Table 5) . 

Tires of Test Example 3: The tires in which the end 
portion grooves have an angle (as described above) of 0 degrees 
(as should be referred to the following Table 5) . 

Tires of Test Example 4: The tires in which the end 
portion grooves have an angle (as described above) of +15 
\3 degrees (as should be referred to the following Table 5) . 

C3 Tires of Test Example 5: The tires in which the end 

m 

portion grooves have an angle (as described above) of +30 
degrees (as should be referred to the following Table 5) . 

2 

^^'^ Here, the land portion having the auxiliary groove and 

the end portion grooves has sizes, as shown in Fig. 6. In all 

ry 

these Tires, the mam grooves have a depth of 6 mm, and the 
auxiliary grooves have a length of 50 % of the length of the 
shorter diagonal lines and a depth of 2 mm. 

Here will be described the testing method. 

The tests were conducted by driving a car having the test 
tires attached thereon on a test course (one lap took 60 
seconds) fifteen laps. 

Here, the results were evaluated by assigning "O" for 
the tires having no peel generated on the tread (here, "the 
tread" means the opening portions of the end portion grooves 
where the end portion grooves are open to the main groove sides. 
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as indicated by arrows in the Table) after 15 laps and by 
assigning" X" for the tires having a peel generated thereon 
after 15 laps. 

The results are enumerated by the following Table 5. 



Table 5: 




53 



£0 

m 



spa 
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□ 



It has been found that, when the angle of the end portion 
grooves was within ± 15 degrees, the test results were good. 
(Test Example E) 

There were prepared tires of totally five different kinds 
including tires of one kind having no auxiliary groove formed 
in the land portions and tires of four kinds having auxiliary 
grooves formed in the land portions and each having different 
lengths of the auxiliary grooves. The tires were compared on 
the wet performance and the dry performance. 
Here will be described the test tires. 

All the tires of Test Example 1 to Test Example 5 have 
the tread pattern shown in Fig. 4. 

The tires of Test Example 1 have no auxiliary groove 
formed in the land portions, and all the tires of Test Example 
2 to Test Example 5 have the auxiliary grooves formed in the 
individual land portions but these example tires each have 
different lengths of the auxiliary grooves (as should be 
referred to the following Table 6) . 

In all the tires, the main grooves have a depth of 6 mm, 
and the auxiliary grooves have a depth of 4 mm. The lengths 
of the auxiliary grooves, as enumerated in the Table, are 
exponentially expressed by setting, as the reference value, 
the length of the auxiliary grooves taken across the land 
portions along the shorter diagonal lines as 100. 

Here, the testing methods are similar to those of Test 
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Table 6 : 
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The evaluation result of "-3" or lower is regarded as 
"not suitable" for the lengths of the auxiliary grooves here, 
and it has been found from the test results that the range of 
30 % (between 20 % and 40 %) to 70 % (or less than 80 %) is 
good with respect the compatibility of the wet performance with 
the dry performance . 
[Fourth Embodiment] 

A fourth embodiment of the pneumatic tire of the 
^ invention will be described with reference to Figs. 7 and 8. 

C3 In the tread 12 of a pneumatic tire 10 of this embodiment 

=■5 as shown in Fig. 7, there are formed, on the righthand side 

=F (as indicated by arrow R) of a tire equatorial plane CL, a main 

C3 groove 14, a main groove 16 and a main groove 18 which extend 

C3 in the tire circumferential directions (as indicated by arrow 

fil 

P A and by arrow B) . On the lef thand side of the tire equatorial 

plane CL (as indicated by arrow L) , there are formed a plurality 
of main grooves 20 which are inclined at an angle no more than 
30 degrees with respect to the tire circumferential direction. 

An angle 01 of the main grooves 20 of this embodiment 
with respect to the tire circumferential direction (which is 
measured on the acute angle side, and is an angle formed between 
the circumferential direction and the tangential line of the 
groove center line, if curved) is set so as to be larger on 
the lefthand shoulder side than on the tire equatorial plane 
CL side, such that the angle 6l is about 5 degrees with respect 
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to the tire circumferential direction at the end portion of 
the main groove 20 on the tire equatorial plane CL side and 
about 28 degrees with respect to the tire circumferential 
direction at the end portion of the main groove 20 on the 
shoulder side. 

In the tread 12, moreover, there are formed, on the 
righthand side of the tire equatorial plane CL, a plurality 
of main grooves 22 which intersect the main grooves 14, the 

In main groove 16 and the main groove 18. On the lefthand side, 

£0 

n there are formed a plurality of main grooves 24 which intersect 

cn 

,p the main grooves 20. 

J An angle 02 of the main grooves 22 of this embodiment 

£2 with respect to the tire circumferential direction (which is 

□ measured on the acute angle side, and is an angle formed between 

ru 

C3 the circumferential direction and the tangential line of the 

groove center line, if curved) is set so as to be larger on 
the righthand shoulder side than on the tire equatorial plane 
CL side, such that the angle 02 is about 60 degrees with respect 
to the tire circumferential direction at the end portion of 
the main groove 22 on the tire equatorial plane CL side and 
about 78 degrees with respect to the tire circumferential 
direction at the end portion of the main groove 22 on the 
shoulder side. 

In addition, an angle 03 of the main grooves 24 of this 
embodiment with respect to the tire circumferential direction 
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(which is measured on the acute angle side, and is an angle 
formed between the circumferential direction and the 
tangential line of the groove center line, if curved) is set 
so as to be larger on the lefthand shoulder side than on the 
tire equatorial plane CL side, such that the angle 03 is about 
60 degrees with respect to the tire circumferential direction 
at the end portion of the main grooves 24 on the tire equatorial 
plane CL side and about 88 degrees with respect to the tire 
circumferential direction at the end portion of the main groove 
24 on the shoulder side. 

In this embodiment, all of these main groove 14, main 
groove 16, main groove 18, main grooves 20, main grooves 22 
and main grooves 24 are given an equal depth. 

On the tread 12, there are formed a plurality of 
quadrilateral land portions 26 by those main groove 14, main 
groove 16, main groove 18, main grooves 20, main grooves 22 
and main grooves 24. 

The individual land portions 26 are formed into 
quadrilateral shapes having two diagonal lines of different 
lengths . 

Auxiliary grooves 28 are formed in most of the plurality 
of land portions 26 expect for some land portions. 

Here will be specified the auxiliary grooves 28. The 
land portions 26 represented by the third one counted from the 
righthand side end will be described hereinafter with 



reference to Fig. 8. Here, the common specifications will be 
adopted for the auxiliary grooves 28 of the remaining land 
portions 2 6 . 

As shown in Fig. 8, the auxiliary groove 28 is formed 
of: a central auxiliary groove portion 28A arranged at the 
central portion of the land portion 26; end portion auxiliary 
groove portions 28B opened to the main grooves closest to the 
end portions of the central auxiliary groove portion 28A; and 
arcuate connecting portions 28C connecting the central 

CQ 

□ auxiliary groove portion 28A and the end portion auxiliary 
=S groove portions 28B. 

^; 

In order to reduce the flow resistance of water, it is 
C3 preferred that the connecting portions 28C have a radius of 

C3 curvature of no less than 3 mm and no more than 10 mm. 

□ It is preferred that the central auxiliary groove portion 
28A is formed in the central portion of the land portion 26 
and substantially along a shorter diagonal line 30S, as 
indicated by a double - dotted line, and that the angle formed 
between the shorter diagonal line 30S and the central auxiliary 
groove portion 28A is within ± 20 degrees. In this embodiment, 
the angle between the shorter diagonal line 30S and the central 
auxiliary groove portion 28A is 0 degrees, that is, the central 
auxiliary groove portion 28A is formed on the shorter diagonal 
line 30S. 

It is preferred that the central auxiliary groove portion 
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28A has a depth of no less than 30 % of the depth of the main 
groove 14, the main groove 16, the main groove 18, the main 
grooves 20, the main grooves 22 and the main grooves 24. 

It is further preferred that the length LI (i.e., the 
distance between intersections of the extension of the central 
auxiliary groove portion 28A with the extension of the end 
portion auxiliary groove portions 28B) of the central 
auxiliary groove portion 28A is set so as to be no more than 
30 % and less than 70 % of the length LO of the shorter diagonal 
line 30S . 

In this embodiment: the main groove 14, the main groove 
16, the main groove 18, the main grooves 20, the main grooves 
22 and the main grooves 24 are set so as to have a depth of 
6 mm; the central auxiliary groove portion 28A is set so as 
to have a depth of 2 mm and a length LI which is about 47 % 
of the length LO of the shorter diagonal line 30S; and the end 
portion auxiliary groove portions 28B are set so as to have 
a depth of 2 mm. 

Further, it is preferred that the auxiliary groove 28 
has a width W of 2 mm or less so as to suppress the decrease 
in the rigidity of the land portion 26 (or the width W may be 
substantially zero, that is, the auxiliary groove 28 may be 
the so-called "sipe"). 

As shown in Fig. 7, the pneumatic tire 10 of this 
embodiment has a directional pattern and a size of 215/45R17. 



The tire is used as the right front wheel so that it turns in 
the direction of arrow B when it runs. Here, the pneumatic 
tire to be used as the left front tire has a pattern symmetric 
to that of Fig. 7. 
(Actions) 

(1) The auxiliary groove 28 is formed across in the land 
portion 26 so that the wet performance is improved by the 
increased edge factor and the good water absorption and 
\0 drainage achieved by the auxiliary groove 28. Here, the water 

C3 which has been absorbed by the auxiliary groove 28 is drained 

through the end portion auxiliary groove portions 28B to the 

^'^ 

J. S3) 

main grooves . 

C3 Moreover, the end portion auxiliary groove portions 28B 

l3 are opened, at the shortest distance, into the main grooves 

ru 

P which is the closest to the end portions of the auxiliary 

grooves 28 so that the length of the end portion auxiliary 
groove portions can be shortened as much as possible . Further, 
as the connecting portions 28C are formed into the arcuate shape, 
the absorbed water can be efficiently drained into the main 
grooves . 

Here, when the radius of curvature of the connection 
portions 28C is less than 3 mm, the concentration of stress 
in the vicinity of the connection portions 28C cannot be 
alleviated, thereby to facilitate occurrence of cracks. In 
addition, the distribution of stress becomes uneven in the 
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vicinity of the connection portions 28C, so that the heel- 
and-toe wear is likely to occur. Moreover, the flow resistance 
rises at the connection portions 28C to deteriorate the 
drainage . 

(2) The central auxiliary groove portion 28A is arranged on 
the shorter diagonal line SOS of the land portion 26 so that 
the land portion 26 can be divided into two triangles 
approximating equilateral triangles, to prevent the land 

r.p portion 26 from becoming weak in a specific direction and to 

fn 

□ minimize the decrease in the rigidity of the land portion 26. 

in- 

As a result, the deformation of the land portion 26 is 
^£ suppressed to maintain excellent dry performance. 

fj Here, the rigidity of the land portion 26 is decreased 

O if the angle 03 formed between the shorter diagonal line 30S 

m . 

IJ and the central auxiliary groove portion 28A is beyond the range 

within ± 20 degrees. 

When the radius of curvature of the connection portions 
28C exceeds 10 mm, the length of the central auxiliary groove 
portion 28A is reduced so much that it cannot exhibit its 
intrinsic function (i.e., the function to divide the land 
portion 26 into the two triangles approximating equilateral 
triangles to prevent the land portion 26 from becoming weak 
in a specific direction) . 

(3) Although the ground contact pressure tends to 
concentrate at the central portion of the land portion 26 when 
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the land portion 26 contacts the road surface, as the central 
auxiliary groove portion 28A is formed in the central portion 
of the land portion 26, the ground contact pressure can be 
dispersed to the two sides of the auxiliary groove 28 to 
alleviate the concentrated ground contact pressure at the 
central portion of the land portion 26. 

(4) The depth of the central auxiliary groove portion 28A 
is about 33 % of that of the main groove 14, the main groove 
16, the main groove 18, the main grooves 20, the main grooves 

22 and the main grooves 24 (the central auxiliary groove portion 

Cm 

'^Z 28A has the depth of 2 mm and the main groove has the depth 

of 6 mm) , so that sufficient drainage of the land portion 26 
C3 can be maintained. 

C3 (5) The length LI of the central auxiliary groove portion 



^0 



rii 



28A is set so as to be 47 % of the length LO of the shorter 
diagonal line 30S, so that the wet performance and the dry 
performance are made compatible. 

Here, when the length LI of the central auxiliary groove 
portion 28A exceeds 70 % of the length LO of the shorter diagonal 
line 30S, the rigidity of the land portion 26 decrease, to 
deteriorate the dry performance. 

(6) The end portion auxiliary groove portions 28B are set 
so as to have a depth equivalent to that of the central auxiliary 
groove portion 28A, and the end portion auxiliary groove 
portions 28B are set so as to have a depth of about 33 % of 
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the depth of the main grooves, so that the rigidity of the outer 
peripheral edge portion of the land portion 26 can be maintained 
in its entirety, whereby the rigidity of the land portion 26 
and the dry performance are both sufficiently maintained. 

When the depth of the end portion auxiliary groove 
portions 28B exceeds 30 % of the depth of the main grooves, 
the land portion 26 is deteriorated in its rigidity so that 
it is susceptable to bending deformation and the dry 

L 3 

iQ performance deteriorates. 

m 

□ Here in this embodiment, the two end portion auxiliary 

CR 

=p groove portions 28B are both opened to the main grooves of the 
tire axial direction. However, a structure in which at least 

C3 one of the end portion auxiliary groove portions are opened 

D to the main grooves of the tire circumferential direction is 

m 

C3 also acceptable. 

h-Js 

When the land portion 26 is divided into the two small 
land portions by the central auxiliary groove portion 28A, the 
two end portion auxiliary groove portions 28B and the 
connection portions 28C, it is preferred that the paired end 
portion auxiliary groove portions 28B are arranged 
symmetrically with respect to a point, as in this embodiment, 
to substantially equalize the areas of the two small land 
portions . 
[Fifth Embodiment] 

A fifth embodiment of the pneumatic tire of the invention 



65 



will be described with reference to Fig. 9. 

A pneumatic tire 50 of this fifth embodiment is the tire 
for a left rear wheel, as used in pair with the pneumatic tire 
10 (for the front wheel) of the fourth embodiment. Here, the 
pneumatic tire to be used for the right rear wheel has a pattern 
symmetric to that of Fig. 9. 

Here, for the same constructions as those of the fourth 
embodiment, the description thereof will be omitted by 
designating the common numerals thereto. In addition, the 
pneumatic tire 50 of this embodiment has a size of 245/45R17. 

n the tread 12 of the pneumatic tire 50 of this 
embodiAent, as shown in Fig. 9, there are formed on the lef thand 
side (as indicated by arrow R) main grooves 32, 34, 36, 38, 
40 and 42 which extend in the tire circumferential directions 
(as indiaated by arrow A and by arrow B) . On the righthand 
side (as ididicated by arrow L) , there are formed a plurality 
of main grooves 44 which are inclined at an angle no more than 
40 degrees wuth respect to the tire circumferential direction. 

An angle 01 of the main grooves 44 of this embodiment 
formed with respect to the tire circumferential direction 
(which is measured on the acute angle side, and is an angle 
formed between .the circumferential direction and the 
tangential line of the groove center line, if curved) is set 
so as to be larger on the righthand shoulder side than on the 
side of the tire equatorial plane CL, such that the angle is 
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about 5 degrees with respect to the tire circumferential 
direction at the end portion on the side of the tire equatorial 
plane CL and about 32 degrees with respect to the tire 
circumferential direction at the end portion on the shoulder 
side . 

the tread 12, moreover, there are formed on the 
lef thaAd side a plurality of main grooves 46 which extend from 
the lef\thand shoulder side toward the main groove 38 and 
interseqt the main grooves 32, 34 and 36. On the righthand 
side, there are formed a plurality of main grooves 48 which 
extend fiAom the righthand shoulder side toward the main groove 
38 and intersect the main grooves 40, 42 and 4 (44) . 



p An angle 62 of the main grooves 4 6 of this embodiment 

Q formed with respect to the tire circumferential direction 

ru 

fj (which is measured on the acute angle side, and is an angle 

formed between the circumferential direction and the 
tangential line of the groove center line, if curved) is set 
so as to be larger on the lefthand shoulder side, such that 
the angle is about 55 degrees with respect to the tire 
circumferential direction at the end portion on the side of 
the tire equatorial plane CL and about 90 degrees with respect 
to the tire circumferential direction at the end portion on 
the shoulder side. 

An angle 03 of the main grooves 48 of this embodiment 
formed with respect to the tire circumferential direction 
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(which is measured on the acute angle side, and is an angle 
formed between the circumferential direction and the 
tangential line of the groove center line, if curved) is set 
so as to be larger on the righthand shoulder side, such that 
the angle is about 55 degrees with respect to the tire 
circumferential direction at the end portion on the side of 
the tire equatorial plane CL and about 88 degrees with respect 
to the tire circumferential direction at the end portion on 
vfi the shoulder side . 

3 9 a 

p In this embodiment, all of these main grooves 32, 34, 

,E 36, 38, 40, 42, 44, 46 and 48 are given an equal depth. 

On the tread 12, there are formed a plurality of 

5 

C3 quadrilateral land portions 52 by those main grooves 32, 34, 

□ 36, 38, 40, 42, 44, 46 and 48. In these land portions 52 , there 

ry 

C3 are formed the auxiliary grooves 28 which are specified as in 

the fourth embodiment. 

In the pneumatic tire 50 of this embodiment, therefore, 
there are obtained actions and effect similar to those of the 
pneumatic tire 10 of the fourth embodiment. 
[Sixth Embodiment] 

A sixth embodiment of the pneumatic tire of the invention 
will be described with reference to Figs . lOA and lOB . As shown 
in Figs. lOA and lOB, chamfered portions 54 are formed at the 
two corner portions of the auxiliary groove 28 of the land 
portion 2 6 . 
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The chamfered portions 54 are formed throughout the 
length of the auxiliary groove 28. 

It is preferred that the chamfered portions 54 have a 
gently bulging shape (e.g., an arcuate shape having a single 
radius of curvature, a shape formed by combining a plurality 
of arcs of different curvatures) , when viewed in a section 
normal to the longitudinal direction of the auxiliary groove 
28, as shown in Fig. lOB. 

C3 

\g The maximum value of the depth H of the chamfered portions 

□ 54 is preferably within the range of no less than 5 % to no 

m 

more than 50 % of the groove depth D of the auxiliary groove 
=p 28 and is more preferably within the range of no less than 10 % 

C3 to no more than 3 0 %. 

'"'4 

C3 The effect of reducing the change in the ground contact 

fU 

Q pressure under the influence of the lateral and longitudinal 

forces is decreased, if the maximum of the depth H of the 
chamfered portions 54 is less than 5 % of the groove depth D. 
On the other hand, the ground contact area is reduced too much 
if the depth maximum is more than 50 % of the groove depth D. 

The maximum value of the length L of the chamfered 
portions 54, as measured in parallel with the ground contact 
face in a section normal to the longitudinal direction of the 
auxiliary groove 28, is preferably within the range of no less 
5 % to no more than 50 % of the maximum width W of the land 
portion 26 in the tire axial direction, and is more preferably 
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within the range of no less than 10 % to no more than 30 %. 

The ground contact area is reduced too much, if the 
maximum of the length L of the chamfered portions 54 exceeds 
50 % of the maximum width W of the land portion 26 in the tire 
axial direction. On the other hand, the effect to reduce the 
change in the ground contact pressure under the influence of 
the lateral and longitudinal forces is decreased if the maximum 
length is less than 5 %. 

"5 It is preferred that the depth H of the chamfered portions 

£o 

£5 54 is larger, at the ends and the central portion of the land 

lO 

portion in the auxiliary groove 28, than at the remaining 

Li 

portions of the auxiliary groove 28. Without the chamfered 
p portions 54 at the land portion ends and the central portion 

□ of the auxiliary groove 28, the contact pressure is seriously 

p raised at the land portion 26 . Accordingly, by making the depth 

3 , 

H larger than that of the remaining portions, the ground contact 
pressure is effectively made even. 

The distribution of the ground contact pressure in the 
land portion 26 while the lateral force is acting thereon varies 
according to the shape of the land portion 26 or the route of 
the auxiliary groove 28. By mildly changing the depth H of 
the chamfered portions 54 of the auxiliary groove 28 at the 
individual points in the longitudinal direction, however, the 
distribution of the ground contact pressure can be effectively 
made even, whereby and the resistance against partial wear. 
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the wear performance and the running performance are also 

improved . 

(Test Example F) 

There were prepared tires of two kinds for the test 
examples. These tires were attached by a car, and this car 
was run on the test course having a dry road surface to measure 
the best lap time and an average lap time (for ten laps) . At 
the same time, the partial wear (i.e., the heel-and-toe) and 
■^n the state of generation of cracks were observed after a run 

i 

C3 of ^ predetermined distance. Moreover, there was also 

£ examined the grip -maintaining property at the time of running. 

«P The tires of Test Example 1 are pneumatic tires 60 (for 

Cj the front wheels) shown in Fig. 11 and pneumatic tires 62 (for 

C3 the rear wheels) shown in Fig. 12. In the auxiliary groove 

Cj 28, as formed in the land portion 26 of the tires 60 and 62 

of Test Example 1, the central auxiliary groove portion 28A 
and the end portion auxiliary groove portions 28B are directly 
jointed to each other, and these jointed portions between the 
central auxiliary groove portion 28A and the end portion 
auxiliary groove portions 28B are sharply angled (not 
rounded) . 

The tires of Test Example 2 are the pneumatic tires 10 
(for the front wheels) of the fourth embodiment and the tires 
50 (for the rear wheels) of the second embodiment. 

The evaluations of the lap time were exponentially 
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expressed with respect to the reference time "100" of Test 
Example 1. The smaller exponent indicates the shorter lap 
time. 

The evaluations of the partial wear were exponentially- 
expressed with respect to the magnitude of the step of the 
heel-and-toe wear "100" as the reference which had occurred 
at the land portions of the tires of Test Example 1 . The smaller 
exponent indicates the less partial wear and the higher 
excellence in the partial-wear resistance property. 

The evaluations of the cracks were exponentially 
expressed with respect to the number of cracks "100" as the 
reference which had been formed in the land portion of the tires 
of Test Example 1. The smaller exponent indicates the smaller 
number of cracks formed and the higher excellence in the 
crack - resistance properties . 

The grip-maintaining property is evaluated according to 
the feeling of the driver, and these evaluations were 
exponentially expressed with respect to the reference value 
"100" of the tires of Test Example 1. The larger exponent 
indicates the better grip-maintaining property. 



Table 7: 

Compari son Embodiment 



(Best) Lap Time 100 98 

(Average) Lap Time 100 80 

Partial-Wear Resistance property 100 80 

Crack-Resistance Properties 100 50 

Grip -Maintaining Property 100 125 



U 

(Test Example G) 

tj There were prepared tires of two kinds for the test 

cn 

=W examples. These tires were attached by a car, and this car 

=P was run on the test course having a dry road surface to measure 

C3 the best lap time and an average lap time (for ten laps) . At 

tj the same time, the partial wear (i.e., the heel-and-toe) and 

fU 

C3 the state of generation of cracks were observed after a run 

of a predetermined distance. Moreover, there were also 
examined the grip -maintaining property and the aquaplaning 
level during the running. 

The aquaplaning level was evaluated according to the 
feeling of the test driver, and its evaluations were 
exponentially expressed with respect to the reference value 
"100" of Test Example 1. The larger exponent indicates the 
higher aquaplaning level. 
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Table 8 : 

Comparative Ex. Example 

(Best) Lap Time 100 98 

(Average) Lap Time 100 80 

Partial Wear Resistance 100 80 

Cracking- resistance Properties 100 50 

Grip-Maintaining Properties 100 125 

Aquaplaning Level 100 125 



From the test results, it is found that the tires of Test 
Example 2 are superior to the tires of Test Example 1 for all 
the items of tests of running on the wet road surface. 



